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Description

FIELD OF THE INVENTION

[0001] The present invention relates to expandable de-
vices, such as fusion cages, for emplacement in body
parts.

BACKGROUND OF THE INVENTION

[0002] Prosthetic devices may be used to repair a va-
riety of body parts. For example, expandable devices
such as fusion cages may provide a stabilized opening
for inserting a bone graft between adjacent portions of
bone. In time, the bone and bone graft can grow together
through or around the fusion cage to fuse the graft and
the bone solidly together. Current uses of fusion cages
include treating a variety of spinal disorders, including
degenerative disc diseases, Grade I or II spondylolisthe-
ses, adult scoliosis and other disorders of the lumbar
spine. Spinal fusion cages are often inserted into the in-
tervertebral disc space between two vertebrae for fusing
them together. Such fusion cages can distract or expand
a collapsed disc space between two vertebrae to stabilize
the vertebrae by preventing the vertebrae from moving
relative to each other.
[0003] A typical fusion cage is generally cylindrical, hol-
low, and threaded. Alternatively, some fusion cages are
unthreaded or made in tapered, elliptical, or rectangular
shapes. Known fusion cages are generally constructed
from a variety of materials including titanium alloys, po-
rous tantalum, other metals, allograft bone, carbon fiber
or ceramic material.
[0004] Fusion cages may be used to connect any ad-
jacent portions of bone or other solid body parts. How-
ever, one standard use of fusion cages is in the spine.
Although often used in the lumbar spine, fusion cages
can also be used in the cervical or thoracic spine. Fusion
cages can be inserted in the spine using an anterior, pos-
terior, or lateral approach. Insertion is usually accom-
plished through a traditional open surgery which can be
traumatic to the patient and require weeks, if not months,
of recovery.
[0005] General techniques for inserting fusion cages
are known. For example, insertion techniques and details
on the design of fusions is described in Internal Fixation
and Fusion of the Lumbar Spine Using Threaded Inter-
body Cages, by Curtis A. Dickman, M. D., published in
BNI Quarterly, Volume 13, No. 3, 1997 . For example,
many threaded fusion cages are inserted by first opening
the disc space between two vertebrae of the lumbar spine
using a wedge or other device on a first side of the ver-
tebrae. Next, a tapered plug may be inserted into the
spine at the site of the disc that is being replaced with
the expandable device. The plug may be used to hold
the disc space open in the case of a threaded, cylindrical
cage insert. A threaded opening may then be then drilled
and tapped on a second side of the spine that is opposite

the side used for accessing the first plug. This double
access thereby produces the equivalent of a "split"
threaded bore defined by the walls of the vertebrae above
and below the bore. The threaded expandable device
may then be threaded into the bore and the wedge re-
moved. The first side may then be drilled and tapped
before inserting a second threaded expandable device.
Typically, two threaded expandable devices are used at
each intervertebral disc level.
[0006] Traditionally, back surgery to insert a fusion
cage has been done using an incision that was larger
than the part being delivered to the spine. In this way,
surgeons were able to deliver medical devices to the de-
sired site without undue concern regarding the size of
the medical device. However, with the development of
small incision techniques such as arthroscopic surgery
and/or kyphoplasty, it is generally preferred to be able to
deliver medical devices through smaller incisions. The
ability to perform the surgery with a smaller incision ulti-
mately results in faster healing times for patients. In some
instances, it is desired to be able to deliver one or more
medical device(s) through a cannula. However, as the
cannula generally has a small diameter, such devices
may need to be expanded to a larger state to perform
the role required.
[0007] Thus, it would be beneficial to provide an ex-
pandable device that can be delivered percutaneously
(e.g., via a cannula) to the body part of interest and then
expanded in situ. The expandable device could also be
designed to allow the expandable device to be expanded
in the body part of interest while minimizing trauma to
the adjacent tissue. Such expandable devices would be
useful for repair of the spine or other body parts.
[0008] Document US 2006/0041258 A1 discloses an
expandable device for emplacing in an intervertebral re-
gion between two vertebral bodies in a subject compris-
ing:

a plurality of segments , the plurality of segments
being flexibly connected in series, the expandable
device having a first configuration wherein the plu-
rality of segments are substantially unfolded, and a
second configuration wherein the plurality of seg-
ments are substantially folded, wherein in the second
configuration, the plurality of segments are folded in
alternating directions and wherein in the second con-
figuration the axial surfaces of the segments form
upper and lower surfaces for contacting the two ver-
tebral bodies with a total height of the expandable
device in the second configuration being substan-
tially spanned by at least one of the plurality of seg-
ments.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention provides an expandable
device for emplacing in an intervertrebral region between
two vertebral bodies in a subject according to claim 1.
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[0010] Embodiments and further details on various as-
pects of the present invention are set forth in the following
description, figures, and claims. It is to be understood
that the invention is not limited in its application to the
details set forth in the following description, figures, and
claims, but is capable of other embodiments and of being
practiced or carried out in various ways.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 shows various alternate expandable devices
having different features or being used with a can-
nula as Panels 1A-1I in accordance with alternate
embodiments of the present invention.
FIG. 2 shows a perspective view of an expandable
device in an undeployed state in accordance with
one embodiment of the present invention.
FIG. 3 shows a perspective view of a portion of an
expandable device in accordance with one embod-
iment of the present invention.
FIG. 4 shows a side view of a portion of an expand-
able device showing embodiments of a living hinge
and repositioning member in accordance with one
embodiment of the present invention.
FIG. 5 shows a vertical expansion of a first segment
pair of an expandable device in a partially deployed
or folded state in accordance with one embodiment
of the present invention.
FIG. 6 shows a cross-sectional view of an expand-
able device being delivered through a cannula in ac-
cordance with one embodiment of the present inven-
tion.
FIG. 7 shows a first segment pair emerging from a
cannula and being folded and vertically expanded in
accordance with one embodiment of the present in-
vention.
FIG. 8 shows a cross-sectional view of a vertical ex-
pansion of a first segment pair emerging from a can-
nula in accordance with one embodiment of the
present invention.
FIG. 9 shows an expandable device in a fully de-
ployed (e.g., folded) state in accordance with one
embodiment of the present invention.
FIG. 10 shows an expandable device in a fully de-
ployed (e.g., folded) state and having emerged from
a cannula in accordance with one embodiment of
the present invention.
FIG. 11 shows a top view of an expandable device
in an undeployed (e.g., unfolded) state in accord-
ance with one embodiment of the present invention.
FIG. 12 shows a cross-sectional view of an expand-
able device in a fully deployed (e.g., folded) state
and having emerged from a cannula in accordance
with one embodiment of the present invention.
FIG 13 shows a side view of an expandable device
deployed between two vertebral bodies in accord-

ance with one embodiment of the present invention.
FIG. 14 is a flowchart illustrating a method of using
an expandable device comprising a fusion cage in
accordance with one embodiment of the present in-
vention.
FIG. 15 shows a top cross-sectional view of an in-
tervertebral disc space (i.e., between two vertebral
bodies) being accessed by two cannulas in accord-
ance with one embodiment of the present invention.
FIG. 16 shows a top cross-sectional view of an in-
tervertebral disc space into which two inflatable
members have been emplaced using two cannulas
in accordance with one embodiment of the present
invention.
FIG. 17 shows a top cross-sectional view of an in-
tervertebral disc space into which two inflatable
members have been emplaced and one inflatable
member has been deflated and is being withdrawn
using a cannula in accordance with one embodiment
of the present invention.
FIG. 18 shows a top cross-sectional view of a first
expandable device (e.g., a fusion cage) being deliv-
ered to an intervertebral disc space in accordance
with one embodiment of the present invention.
FIG. 19 shows a top cross-sectional view of a first
expandable device that is partially deployed in an
intervertebral disc space in accordance with one em-
bodiment of the present invention.
FIG. 20 shows a top cross-sectional view of a first
expandable device that is fully deployed in an in-
tervertebral disc space in accordance with one em-
bodiment of the present invention.
FIG. 21 shows a top cross-sectional view of two ex-
pandable devices that are fully deployed in an in-
tervertebral disc space in accordance with one em-
bodiment of the present invention.
FIG. 22 shows a top cross-sectional view of two ex-
pandable devices deployed in an intervertebral disc
space and the emplacement of biological graft ma-
terial at least part of in the remaining void in accord-
ance with one embodiment of the present invention.
FIG. 23 shows a kit that includes expandable devices
in accordance with one embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] Unless indicated to the contrary, the numerical
parameters set forth in the following specification are ap-
proximations that can vary depending upon the desired
properties sought to be obtained by the present invention.
At the very least, and not as an attempt to limit the ap-
plication of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be con-
strued in light of the number of reported significant digits
and by applying ordinary rounding techniques.
[0013] It is further noted that, as used in this specifica-
tion, the singular forms "a," "an," and "the" include plural
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referents unless expressly and unequivocally limited to
one referent. The term "or" is used interchangeably with
the term "and/or" unless the context clearly indicates oth-
erwise.
[0014] Also, where ranges are provided, it is under-
stood that other embodiments within the specified ranges
are to be included.
[0015] As used herein, a subject is an animal. For ex-
ample, the subject may comprise a mammal. In one em-
bodiment, the subject may be a human. The user of the
products and systems of the present invention may be a
physician, veterinarian, a health care professional, or an-
other person or device.
[0016] As used herein, an internal body part comprises
an intervertebral region.
[0017] As used herein, an expandable device is a de-
vice that may be expanded in at least one dimension. In
certain embodiments, the expandable device may be a
fusion cage that may be used to fuse two vertebral bodies
together, as for example, when the disc between the two
vertebral bodies has disintegrated. This is known as a
spinal fusion.
[0018] As used herein, an access path is an incision
made in a subject to access an internal body part. In an
embodiment, a percutaneous access is used. As used
herein, a percutaneous access is a procedure whereby
access to an inner organ or tissue is done via needle
puncture of the skin, rather than using an "open" ap-
proach where the inner organs or tissue are exposed
(e.g., such as surgery or cutting the skin with a scalpel).
In one embodiment, the access path is made using an
access member. For example, a percutaneous surgical
access denotes passage through substantially unbroken
skin, as for example, by needle puncture, a cannula or a
catheter.
[0019] Also, as used herein, an access member com-
prises a device for accessing a predetermined location
or body part in a subject. The inner volume of the access
member may provide a path to access a region or a body
part that is located within the subject’s body. The access
member may be any type of device that can extend from
the location of interest (e.g., a bone or an organ) to be
accessible to a user of the access member. For example,
the access member may be designed to extend from an
internal body part (e.g., a spine or other type of bone) in
a subject to outside of the subject’s body. As described
in more detail herein, the access member may be an
elongated hollow member such as a hollow cylinder, a
tube, a cannula or a catheter.
[0020] Also, as used herein, a material for emplace-
ment within, or delivery to, a body part in a subject may
comprise any material that is biologically compatible with
the body part of interest. For example, in alternate em-
bodiments, the material may comprise a bone filler ma-
terial or an adhesive. As used herein, a bone filler material
comprises any material that may be used for the treat-
ment of bone. A variety of materials have been described
for use as bone filler materials (see e.g., U.S. Patent Nos.

4,904,257, 6,203,574, 6,579,532, 6,740,093, and Patent
Application No. 2005/0136038 for descriptions of bone
filler materials). In one embodiment, the bone filler or
treatment material may comprise PMMA. Alternatively,
the bone filler material may comprise a cement, a gel, a
fluid, or an adhesive, such as materials that are commer-
cially available for repair of the spine and other bones or
boney tissues. In other embodiments the bone graft ma-
terial of the present invention may include allograft,
autograft, BMP (bone-morphogenic proteins), bone mar-
row aspirate, demineralized bone matrix, ceramics, cal-
cium phosphates, blood platelet gels, and other similar
and known materials.
[0021] As used herein, the words "anterior" and "pos-
terior" refer to the front and back of the subject, respec-
tively. In addition, the words "proximal" and "distal" refer
to directions closer to, and away from, respectively, an
operator or user (e.g., surgeon, physician, nurse, tech-
nician, veterinarian, etc.) who would insert the expand-
able device of the present invention into a subject (e.g.,
patient), with the tip-end (i.e., distal end) of the device
inserted inside a subject’s body. Thus, for example, the
end of the access member inserted inside the subject’s
body would be the distal end of the access member, while
the end of the access member outside the subject’s body
would be the proximal end of the access member. Also
as used herein, the terms "upper" and "lower" are used
to describe one embodiment of how the device may be
viewed, and as such, the terms may be interchangeable.
[0022] Also, as used herein the term "axial end" or "ax-
ial surface" refers to the end that is perpendicular to the
longitudinal axis of a segment of the expandable device
of the present invention. The term "longitudinal surface"
denotes a surface that is parallel to the longitudinal axis
of a segment of the expandable device of the present
invention. The longitudinal axis refers to the axis that is
parallel to the longest dimension of a segment of the ex-
pandable device of the present invention.
[0023] As used herein, a bilateral access is such that
the body part is accessed from both sides of a midline
along at least one plane (e.g., the x-y plane or the x-z
plane).
[0024] As used herein, a segment is a portion of a
whole part. Segments may be the same size and shape,
or segments may be different sizes and shapes. The seg-
ments may be connected to each other or the segments
may not be connected to each other.
[0025] As used herein, the term "substantially folded"
refers to a configuration where two adjacent parts are in
a configuration such that the two parts are rotated around
an axis that is adjacent to at least one end of each part,
and where in the substantially folded configuration, the
angle between the two parts is reduced as compared to
a configuration where the two parts are unfolded.
[0026] As used herein, the term "substantially unfold-
ed" refers to a configuration where two adjacent parts
are in a configuration such that the two parts are rotated
around an axis that is adjacent to at least one end of each
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part, and where in the substantially unfolded configura-
tion, the angle between the two parts is increased as
compared to a configuration where the two parts are sub-
stantially folded.
[0027] As used herein, the term "span" means to ex-
tend over the entire length.
[0028] As used herein, folded in alternating directions
indicates that there are at least two adjacent folds that
are not in the same direction. Examples of being folded
in alternating directions are three connected parts that
are folded as a Z shape, or four connected parts that are
folded as a W shape, or multiple connected parts that
are folded as an accordion shape. The parts may be par-
allel or not parallel in the final folded shape. As used
herein, two connected parts that are folded in one direc-
tion can assume a V shape.
[0029] As used herein, a living hinge is a hinge or flex-
ure bearing with no moving parts. Living hinges are often
thin sections of a material that can bend to allow move-
ment.
[0030] Also as used herein, an elongated member is
a member that is substantially longer in length than in
diameter or circumference. Examples of elongated mem-
bers are cannulas, stylets and wires.

Foldable Expandable Devices

[0031] In certain embodiments, the present invention
relates to expandable devices and systems and kits as-
sociated therewith. The expandable devices may be
used to facilitate stabilization and/or fusion of two adja-
cent body parts. Thus, in certain embodiments, the ex-
pandable devices are fusion cages. In certain embodi-
ments, the expandable devices are designed for percu-
taneous delivery. For example, in certain embodiments,
the present invention relates to devices, methods, sys-
tems and/or kits for implanting an intervertebral expand-
able device that can be selectively expanded between
two adjacent vertebrae to cause the vertebrae to maintain
position relative to each other so as to produce a normal
alignment of the spine, while promoting fusion of the ver-
tebrae.
[0032] For example, in one embodiment, the present
invention comprises an expandable device for emplacing
in a body part in a subject, wherein the device comprises:
a plurality of segments, the plurality of segments being
flexibly connected in series, the expandable device hav-
ing a first configuration wherein the plurality of segments
are substantially unfolded, and a second configuration
wherein the plurality of segments are substantially folded,
and wherein a total height of the expandable device in
the second configuration is substantially spanned by at
least one of the plurality of segments.
[0033] The plurality of segments is folded in alternating
directions in the second configuration. For example, in
one embodiment, the present invention comprises an ex-
pandable device for emplacing in a body part in a subject
comprising: a plurality of connected segments, the plu-

rality of connected segments having a first configuration
wherein a plurality of longitudinal axes of the plurality of
connected segments are substantially coaxial, and a sec-
ond configuration wherein the plurality of connected seg-
ments are folded in alternating directions. FIG. 1A-1F
show various embodiments of devices of the present in-
vention. Thus, shown in FIG. 1A-1F are expandable de-
vices 2 having segments (e.g., 4a-4f) that are flexibly
connected at part 6. It can be seen that the segments
may comprise a variety of shapes and sizes. Thus, in
alternating embodiments, the segments may be rectan-
gular or cylindrical (e.g., FIG. 1A and FIG. 1B). Alterna-
tively, the segments may be a polygon such as a trape-
zoid (e.g., FIG. 1C or 1D). In this way, with the device
assumes the second configuration, at least a portion of
the device may comprise protrusions that can impinge
upon the surface of the body part into which the device
is emplaced and/or expanded. In yet other embodiments,
the segments may be rounded (e.g., having an oval
cross-section) (FIG. 1E and FIG. 1F).
[0034] The segments may each be the same size and
shape, or the segments may be different sizes and/or
shapes (FIG. 1F). For example, as shown in FIG. 1F,
different sized segments may be appropriate where the
body part into which the device is inserted does not have
parallel surfaces.
[0035] The device can assume a first configuration in
which the plurality of segments are substantially unfolded
(see left side of each of FIGS. 1A-1F) or a second con-
figuration in which the plurality of the segments are sub-
stantially folded (see right side of each of FIGS. 1A-1F).
In one embodiment, the plurality of longitudinal axes of
the plurality of connected segments are substantially co-
axial in the first configuration. Thus, as shown in FIGS.
1A-1F, the device may have a first configuration such
that the individual segments are substantially end to end.
Also in one embodiment, the plurality of longitudinal axes
of the plurality of connected segments are substantially
parallel in the second configuration. This configuration is
illustrated in FIGS. 1A and 1C-1F. For example, in one
embodiment, a longitudinal surface of a first one of the
plurality of connected segments is substantially flush with
a longitudinal surface of a second one of the plurality of
connected segments in the second configuration. Thus,
the device may comprise a first member comprising a
plurality of segments that may fold in a coordinated man-
ner from a first configuration in which the segments are
aligned such that an axial end of each segment is sub-
stantially flush with an axial end of an adjacent segment,
to a second configuration wherein a longitudinal surface
of at least one segment is substantially flush with a lon-
gitudinal surface of a second, adjacent segment. Or, the
plurality of longitudinal axes of the plurality of connected
segments may be generally non-parallel in the second
configuration as is shown in one embodiment in FIG. 1B.
[0036] The plurality of connected segments are con-
nected by a plurality of hinges, each of the plurality of
hinges having a thickness less than a thickness of each
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of the plurality of connected segments. Such hinges 6
are shown in FIG. 1 for a variety of expandable devices.
The segments are each connected to at least one other
of the plurality of segments. For example, in one embod-
iment the segments (e.g., 4a-4f) are connected to each
other by a hinge 6 between adjacent segments. The plu-
rality of connected segments are connected by living
hinges.
[0037] In some embodiments, the device can include
hinges that bias the segments towards a substantially
folded configuration (i.e., the second configuration).
Thus, in some embodiments, the hinge is connected be-
tween at least two of the plurality of segments for biasing
the plurality of segments towards the second configura-
tion. For example, each hinge 6 could have a naturally
folded state, thereby causing segments 4a-4f, and by
extension, device 2, to exhibit a "default" folded config-
uration. Emplacement of device in a target body part
could then involve restraining the device in its substan-
tially unfolded configuration (i.e., the first configuration)
by placing it within a cannula, and then urging device
from the cannula into the target body part. Upon exiting
the cannula, the device would then automatically expand
into its substantially folded configuration.
[0038] In other embodiments, the device comprises a
repositioning member for urging the segments between
the first configuration and the second configuration. Em-
bodiments of such a device are shown schematically in
FIG. 1G and 1H. For example, the device may comprise
a repositioning member 8 for urging the segments from
the first configuration to the second configuration. In one
embodiment, the repositioning member engages each
of the segments. In this way, the repositioning member
can be used by an operator of the device to urge the
segments from the first configuration to the second con-
figuration, or from the second configuration to the first
configuration. In one embodiment, the repositioning
member can be loosened to allow the segments to as-
sume the first configuration (e.g., substantially unfolded)
or tightened to urge the segments to assume the second
configuration (e.g., substantially folded). Thus, in one
embodiment, the present invention comprises an ex-
pandable device for emplacing in a body part in a subject
comprising a plurality of segments, and a repositioning
member that engages each of the segments, wherein
the repositioning member can be loosened to allow the
segments to be positioned such that the axial end of one
segment is substantially flush with an axial end of an
adjacent segment, or the repositioning member can be
tightened (e.g., by pulling along axis 30 as shown in FIGS.
1G and 1H) such that a longitudinal surface of one seg-
ment is substantially flush with a longitudinal surface of
a second segment.
[0039] In other embodiments, repositioning member 8
can be an elastic member connected between at least
two of segments 4a-4i for pulling the segments towards
each other. For example, repositioning member 8 could
be fixedly connected to segments 4a (via attachment el-

ement 14) and 4f (via an attachment element substan-
tially similar to attachment element 14). Note that in such
a construction, member 8 would not need to extend be-
yond segment 4f as depicted in FIG. 1. By providing a
force drawing segments 4a and 4i together, elastic mem-
ber 8 would bias device 2 towards its expanded (i.e.,
substantially folded) configuration.
[0040] In some embodiments, the repositioning mem-
ber comprises a wire that is passed through at least one
aperture on each of the segments. The wire may pass
through the segments in an alternating manner. For ex-
ample, the wire may loop through an aperture positioned
in each of the segments in a manner so as to extend from
a first segment to a second segment on one face of the
unit (e.g., upper or superior) and then to extend from the
second segment to the third segment on the opposite
face of the unit (e.g., lower or inferior). The wire may then
extend from the third segment to the fourth segment on
the superior face, and from the fourth segment to the fifth
segment on the inferior face, and so forth, until all of the
segments are connected.
[0041] The positioning of the wire relative to the upper
and lower faces of the unit may allow for the wire to func-
tion so as to collapse the upper and lower faces (i.e.,
longitudinal surfaces) of the segments together such that
the longitudinal surfaces of adjacent segments go from
a substantially linear arrangement, to an arrangement
where the longitudinal surfaces of adjacent segments are
pulled together. Thus, in one embodiment, the wire may
be fixedly attached 14 (FIG. 1H) to a segment positioned
on one end of the device such that the when the wire is
pulled toward the other segments, the adjacent segments
are pulled towards each other such that the longitudinal
surface of one segment is urged to a final configuration
in which it is substantially flush with the longitudinal sur-
face of a second segment. In one embodiment, the wire
may be pulled such that it is completely tightened (i.e.,
can be pulled no further). At this point, the device will
assume the second configuration such that the segments
are substantially folded (see FIGS. 1G and 1H, where
the device goes from a first configuration (left side of fig-
ure) to a second configuration (right side of figure) by
pulling wire away from 14). As the longitudinal surface is
longer than the axial surface, when the expandable de-
vice is deployed (i.e., folded) by pulling the wire, vertical
expansion occurs.
[0042] Alternatively, the device may be deployed with-
out the use of a repositioning member. In one embodi-
ment, axial compression may be used to induce folding
of the device. In such an embodiment, the distal end of
the device may be pushed against a non-movable sup-
port (e.g., such as any remaining anterior wall of an in-
tervertebral disc). By pushing the device against such a
wall (or by delivering subsequent segments out of a can-
nula and into an intervertebral region as discussed in
detail below), and simultaneously axially compressing
the segments that are not constrained, the unconstrained
segments (e.g., the segments that have exited the can-
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nula) may be induced to pivot at their common hinge, to
result in folding of the device and vertical expansion. In
this way, axial compression may replace the use of a
repositioning member.
[0043] In one embodiment, the expandable device,
when fully deployed will have a height that is equal to the
longitudinal length of each segment. In this way, vertical
expansion will occur as the expandable device assumes
a folded configuration. In certain embodiments, the seg-
ments may comprise elements to assist in the alignment
of the segments in the second configuration, e.g., when
the longitudinal surfaces of at least two segments are
substantially flush. In this way, the tendency of the seg-
ments to twist off center and become misaligned can be
reduced. For example, in one embodiment, the alignment
elements may comprise at least one pin 24 (FIG. 1H) on
a first segment and at least one aperture 22 (FIG. 1H) to
receive the pin on an adjacent segment. Or, multiple pins
and apertures may be used. Generally, each of the lon-
gitudinal surfaces may comprise at least two pins and
receiving apertures. For example, in one embodiment,
the pins and receiving apertures are positioned close to
the axial end of each segment. In this way, when each
pin and aperture interlock, the mating will prevent the two
segments from twisting or wiggling relative to the longi-
tudinal (i.e., longest) axis of the longitudinal surface.
[0044] In certain embodiments, an expandable device
may be inserted into a body part via an access member.
An embodiment of such a device is shown in FIG. 1I. In
an embodiment, the access member may comprise a
cannula 40. In some embodiments, the expandable de-
vice expands as it exits the cannula (i.e., right side of
figure). The expandable device may thus expand in situ,
e.g., inside body part 11, to provide a means to support
the two adjacent vertebral bodies. In yet other embodi-
ments, a biological bone graft or other matrix material
may be emplaced within any voids that remain in the
body part. For example, where the expandable device
comprises a fusion cage emplaced between two verte-
bral bodies, a bone graft material may be emplaced in
the remaining disc space.
[0045] In one embodiment, the segments are config-
ured for percutaneous delivery to a body part using a
cannula. In certain embodiments, the body part may com-
prise a spinal disc or an intervertebral region between
two vertebral bodies. Thus, embodiments of the present
invention may be used as expandable devices for inser-
tion between two vertebral bodies during a spinal fusion
procedure. Or, the expandable device may be used for
emplacement in other body parts such as within a verte-
bral body or other bone structure during kyphoplasty or
other repair procedures.
[0046] The present invention may be better under-
stood by referring to additional nonlimiting embodiments
illustrated in the additional figures. For example, FIG. 2
shows one embodiment of the present invention com-
prising an expandable device for emplacement in a body
part in a subject comprising a first member 2 comprising

a plurality of segments 4a-4i that may fold in a coordinat-
ed manner from a first unfolded configuration to a second
folded configuration. In one embodiment, the first config-
uration is such that the segments are substantially co-
axial and the second configuration is such that a plurality
of longitudinal surfaces are substantially parallel. For ex-
ample, in one embodiment, the segments are aligned
such that an axial end of each segment 35 is substantially
flush with an axial end of an adjacent segment 36, to a
second configuration wherein a longitudinal surface of at
least one segment 31 is substantially flush with a longi-
tudinal surface of a second, adjacent segment 32.
[0047] The segments are each connected to at least
one other of the plurality of segments. The segments are
connected by a living hinge. Also in some embodiments,
the device comprises a repositioning member for urging
the first member from the first substantially unfolded con-
figuration to the second substantially folded configura-
tion. The repositioning member may comprise a wire 8
that engages each of the segments. In some embodi-
ments, the repositioning member can be loosened to al-
low the segments to assume the first unfolded configu-
ration or tightened to urge the segments into the second
folded configuration. In one embodiment, the reposition-
ing member may be loosed to allow the segments to be
positioned such that an axial end of each segment is
substantially flush with an axial end of an adjacent seg-
ment, or the repositioning member can be tightened such
that a longitudinal surface of at least one segment is sub-
stantially flush with a longitudinal surface of a second
segment.
[0048] As noted above, the expandable device 2 is a
structure having a plurality of interconnected segments
(FIG. 2). Although the device shown in FIG. 2 has nine
individual segments (i.e., 4a, 4b, 4c, 4d, 4e, 4f, 4g, 4h,
and 4i) it will be understood that the number of segments
may be varied as is required by the body part into which
the expandable device will be inserted.
[0049] As shown in FIG. 2, in the undeployed or sub-
stantially unfolded state, the expandable device may be
in its most extended form. It can be seen that the expand-
able device may be designed to be highly flexible along
the bend axes of the individual living hinge pairs. Thus,
as further illustrated in FIGS 3 and 4, the individual seg-
ments may be connected at their longitudinal ends to
adjacent segments through hinges 6 which are generat-
ed during the production of the expandable device. The
hinges may be living hinges. The living hinges of the
present invention can be made from any of a plurality of
materials such as various polymers including, but not lim-
ited to, polypropylene or polyethylene, or mixtures there-
of. In one embodiment, the segments and the hinge are
made from the same material. For example, the expand-
able device of the present invention may comprise a sin-
gle-piece, injection-molded part such that the hinges are
made during the molding process. As described in more
detail herein, the hinges may be very thin connectors
between each of the segments so that upon deployment
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of the expandable device, the hinges are substantially
flush with the upper and lower surfaces of the folded
structure.
[0050] The expandable device may further include
components to facilitate deployment. In one embodi-
ment, deployment occurs in situ (i.e., at the body part
where the cage is to be inserted). For example, in an
embodiment, once the expandable device reaches the
desired location in the intervertebral space for which
treatment is required, deployment of the device may be-
gin.
[0051] As noted herein, vertical expansion may be ac-
complished by tightening of a repositioning member (e.g.,
wire) that operably engages each of the segments. In
one embodiment, the repositioning member 8 is fixedly
fastened to the most distal segment and runs from the
distal end of the device (e.g., the distal end of the most
distal segment) 3 to the most proximal end of the device
5 (i.e., the most proximal end of the most proximal seg-
ment) (FIG 2). In an embodiment, the repositioning mem-
ber 8 is a wire.
[0052] The repositioning member may be made of any
material that is biocompatible and of sufficient strength
to deploy the cage. In alternate embodiments, the wire
may be made of stainless steel, NITINOL, or plastic (e.g.,
PEEK). Other possible materials for the repositioning
member include other wire materials include tungsten,
platinum, iridium platinum, titanium, ELGILOY (Elgin, Il-
linois), and mixtures thereof, as well as other suitable
materials known to those of skill in the art.
[0053] In certain embodiments, the repositioning mem-
ber may engage each of the segments. The repositioning
member 8 may be inserted into an aperture 10 that runs
through a portion of the interior of each segment. For
example, in one embodiment, the repositioning member
is a wire that runs through a central slot 10 in each seg-
ment (FIGS 2-4). As the repositioning member is tight-
ened, for example, by pulling the connector along axis
30 from the distal end of the device 3 to the proximal end
of the device 5, adjacent segment pairs will be pulled
towards each other 16 such that the axial surfaces 35,
36 become separated, and longitudinal surfaces from at
least two adjacent segments, i.e., 31 and 32, become
juxtaposed adjacent to each other (FIG. 5). In an embod-
iment, the repositioning member has an element 14 add-
ed to fixedly connect the repositioning member to the
distal end such that the repositioning member cannot be
pulled through the slots (FIGS 1, 2 and 4).
[0054] In one embodiment, the undeployed device 2
may be delivered to the intervertebral site requiring repair
via an access member such as a cannula 40 (FIG. 6). In
such an embodiment, as the repositioning member 8 is
tightened by pulling along axis 30, segment pairs 4a, 4b
that have emerged from the delivery cannula are forced
together, such that the axial surfaces 35, 36 become sep-
arated, and one longitudinal surface from each segment,
i.e., 31 and 32, become juxtaposed adjacent to each oth-
er (FIGS. 6-8). In this way, segment pairs that have

emerged from the delivery cannula are forced together,
essentially rotating about the living hinge 6 that they
share in common.
[0055] It can be seen that the movement can, in certain
embodiments, be thought of as a truss structure with a
pivot point at its apex, where the living hinge is the apex.
As the repositioning member is tightened, the truss-like
structure transforms from a fairly flat structure, with a
large angle between the segments, to a taller vertical
structure in which the angle between the individual seg-
ments has narrowed. In certain embodiments, the taller
deployed structure has a height 42 that is about 2 to 5
times the height 44 of the undeployed structure (FIG. 9).
In the final deployed state, each pair of segments may
be vertical such that the angle between them is zero de-
grees. Or, each pair of segments may have moved from
the co-axial plane, but may not be parallel (e.g., FIG. 1B).
Once at least two segments have been deployed, anoth-
er pair of segments sharing a common living hinge may
subsequently be pushed out of the delivery cannula, and
the repositioning member further tightened, forcing the
subsequent pair of segments to expand vertically. The
deployment may continue until the entire cage emerges
from the cannula (FIGS. 6-8 and 10).
[0056] In other embodiments, repositioning member 8
can be an elastic member connected between at least
two of segments 4a-4i for pulling the segments towards
each other. For example, repositioning member 8 could
be fixedly connected to segments 4a (via attachment el-
ement 14) and 4i (via an attachment element substan-
tially similar to attachment element 14). Note that in such
a construction, member 8 would not need to extend be-
yond segment 4i as depicted in FIG. 2. By providing a
force drawing segments 4a and 4i together, elastic mem-
ber 8 would bias device 2 towards its expanded (i.e.,
substantially folded) configuration.
[0057] Emplacement of such a device into a body part
could then involve stretching member 8 to place device
2 in its substantially unfolded configuration, and restrain-
ing device 2 in that configuration by placing device 2 with-
in a cannula. The distal end of the cannula could then be
positioned at the target body part (e.g., via percutaneous
access), and device 2 could then be pushed from the
cannula at that location. Because of the force of elastic
member 8 pulling segments 4a-4i together, device 2 au-
tomatically folds up into its expanded configuration as it
exits the cannula.
[0058] In certain embodiments, the segments are in-
terlocked in a manner to prevent lateral shifting between
the each pair of deployed segments. For example, the
segments may comprise a protrusion or protrusions that
fit into an aperture or apertures on neighboring segments.
I some embodiments, the protrusions may be pins and
the apertures may be slots. In some cases, the protru-
sions may be positioned near the end of a segment so
as to fit into an aperture at the end of an adjacent seg-
ment. Alternatively or additionally, a plurality of protru-
sions may be fashioned on each segment to fit into a
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plurality of apertures in an adjacent segment. For exam-
ple, as shown in FIG. 11, as the device is deployed, pin
24a on the proximal end of segment 4c may fit into slot
22a positioned on the distal end of segment 4b. Also, pin
24b positioned on the proximal end of segment 4b may
fit into slot 22b positioned on the distal end of segment
4c. As the expandable device is deployed, the pins will
fit into the slots on adjacent segments, thereby prevent-
ing, or reducing, any lateral shifting between the cages
along both vertical axis 54 and the corresponding hori-
zontal axis (FIG. 12). In this way, the upper and lower
surfaces 52, 53 that are presented to the body part into
which the device is inserted are substantially flat. Al-
though the embodiment shown utilizes pins and slots, it
will be understood that any type of male/female connec-
tor system may be employed.
[0059] The segments that make up the expandable de-
vice may be fashioned from a variety of shapes that are
designed to interlock. In one embodiment, the segments
are a shape such that the area of each of the upper and
lower surfaces 52, 53 of the deployed expandable device
is maximized so as to increase contact between the ex-
pandable device and the body part into which the device
is inserted (FIG. 10). Also, the shape of the segments
may be chosen such that each of the upper and lower
surfaces 52, 53 are substantially flat. In this way, a flat
surface is presented to the body parts that are in contact
with the expandable device once it has been deployed
and emplaced in situ. For example, as shown in FIG. 13,
when the expandable device is deployed between to ver-
tebral bodies, the upper surface 52 may contact the upper
vertebral body 57, and the lower surface 53 may contact
the lower vertebral body 58. Or, the expandable device
may be designed such that the upper and lower surfaces
are slightly angled by using segments having different
sizes. For example, the expandable device may be de-
signed such that the segments on one end of the expand-
able device are slightly shorter than the segments on the
other end of the expandable device (FIG. 1F). In this way,
the expandable device may be taller at one end e.g., the
proximal end, 55, than the other end, e.g., the distal end
56 (FIG. 13). It is to be understood that as used herein,
upper and lower are used interchangeably. In most em-
bodiments, the expandable device is symmetrical and so
may be rotated 180 degrees such that the top surface
may be used as the bottom surface.
[0060] Or, the segments may be designed such that
the axial surfaces have a somewhat roughened texture.
For example, the surfaces may be stippled or slightly
ribbed such that when the device is deployed, the upper
and lower surfaces 52, 53 will be able to engage the body
part into which the expandable device has been em-
placed. The stippled or ribbed edges may facilitate the
addition of bone grafts or other materials that may be
used in conjunction with the expandable device. In an
alternate embodiment, the upper and lower surfaces 52,
53 may have protrusions, as for example where the seg-
ments have axial surfaces that are not perpendicular to

the longitudinal surfaces (see e.g., FIG. 1C and 1D) so
as to allow the protrusions to engage the body part into
which the expandable device has been emplaced.
[0061] In an embodiment, the expandable device,
when it is in its non-deployed or substantially unfolded
state, is of a size that allows the expandable device to
be delivered to the desired position between two verte-
brae through a cannula. In a variation of this embodiment,
the expandable device can not pass through the same
cannula when it is in its deployed or substantially folded
(i.e., expanded) state. In this variation, the expandable
device will be delivered to the desired site between two
adjacent vertebrae in its unexpanded state and then ex-
panded to its expanded state.
[0062] In one embodiment, each of the segments may
be shaped as a portion of a cylinder, with opposing flat
surfaces 31, 32 along the top and the bottom of the ex-
pandable device, and rounded or arcuate surfaces as
the side walls, 33, 34 (FIG. 2). Also, shown in FIG. 2 are
axial ends 35, 36. In this way, the segments can have
the adjacent surfaces 31, 32 (FIG. 2) be substantially
flush with each other when the expandable device is de-
ployed, whereas the side walls are shaped to be com-
patible with the inner surface of a cylindrical cannula. In
other embodiments, the segments can be any of a plu-
rality of shapes. Thus, other polygonal, cylindrical, or
oval-like shapes are contemplated, such as segments
that are cylindrical, rectangular, trapezoidal, rhomboid,
oval or the like. Any shape can be used as long as there
exists a surface that allows the segments to fold to the
extent required.
[0063] In certain embodiments, it is desired that the
expandable device of the present invention can be incor-
porated by minimally invasive surgery. In such embodi-
ments, the expandable device in its undeployed state
should be able to fit through an access member. In certain
embodiments, the access member may comprise a can-
nula. In one embodiment, the cannula may be on the
order of a 6 mm inner diameter. In certain embodiments,
flat longitudinal faces may provide good surfaces for in-
terlocking of the segments. In one embodiment, the living
hinges are designed to have sufficient strength so that
the expandable device can attain its expanded state and
still perform its intended function.
[0064] In one embodiment, the expandable device is
configured to have a substantially rectangular shape
when the cage is deployed. In this embodiment, the side
walls 33, 34 may be arcuate such that the expandable
device, when in its undeployed state, has an outer sur-
face that generally cylindrical. In this way, the expandable
device can be deployed via a cylindrical access member,
such as a cylindrical cannula. It should be understood
that in the embodiment where the expandable device is
used to replace an intervertebral disc for a spinal fusion,
the shape of the expandable device can be any shape
that will provide the needed positioning and stabilizing of
the vertebrae during the fusion procedure and after the
administration of the agent used to promote fusion. For
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example, the expandable device should be able to pro-
vide support and structure for degenerative disc diseas-
es, Grade I or II spondylolistheses, adult scoliosis and
other disorders of the lumbar spine as well as for any
other purpose.
[0065] The size of the expandable device may be var-
ied depending upon the body part into which the expand-
able device will be emplaced. For example, for fusion of
adjacent vertebral bodies, in alternate embodiments the
segments that comprise the expandable device range
from between about 0.2 to 2.0, or 0.3 to 1.0 cm in height,
0.2 to 2.0 or 0.3 to 1.0 cm in width, and 0.2 to 5.0, or
0.3-3.0 cm in length. In a variation, the height can be from
about 3 to 6 mm, the width from about 3 to 6 mm, and
the length from 3 to 20 mm. It should be recognized that
although in the above description height and length have
been differentiated, it should be recognized that the
height can also be length of the various segments (that
is, after deployment/expansion of the expandable device
the length become the height of the cage). Alternatively,
the dimensions of the expandable device may be deter-
mined by referencing the available range of heights for
expandable devices/vertebral body replacements cur-
rently on market. The dimensions may be varied such
that the deployed device has dimensions suitable for
placement between the vertebrae of a normal sized adult
patient. However, it should be understood that other sizes
are contemplated and therefore within the scope of the
invention, for example, when the expandable devices are
used on children or on adults that are of smaller or larger
stature.
[0066] The expandable device may comprise any
number of segments depending upon the body part into
which the expandable device is to be inserted. Also, the
segments may vary with respect to the relative ratio be-
tween the diameter (or width and/or height of the seg-
ment) as compared to the length. In alternate embodi-
ments, the length of each segment is about 1.5 to 10, or
1.2 to 5, or 2 to 3 times the diameter (or width and/or
height) of the segment.
[0067] In an embodiment, the expandable device is
made of materials that are appropriate for being inserted
in between vertebrae. For example, the segments may
be made of PEEK (-polyetheretherketones), titanium,
stainless steel, ultra high molecular weight polyethylene,
nylon or polycarbonate. The hinge(s( and/or reposition-
ing member(s) may be made of the same material as are
the segments, or may be made of different materials as
the segments and/or may be made of different materials
than each other. In alternate embodiments, the hinges
and/o repositioning members may be made of titanium,
stainless steel or NITINOL (i.e., a nickel titanium alloy).
It should be understood that for either the segments, hing-
es or the repositioning member, other materials are con-
templated such as silicone and metal materials, tantalum,
platinum, titanium, and niobium alloys, PHYNOX®, or
any of a plurality of polymeric materials, such as poly-
tetrafluoroethylene (ePTFE).

[0068] Other materials/chemicals may be associated
with the expandable device of the present invention such
as lubricants, antibiotics, anti-cancer agents, bone ce-
ments, bone grafts, chemicals that prevent autoimmune
defenses, and the like. In an embodiment, these materi-
als/ chemicals may be released over an extended time
period. These materials/ chemicals may be used to aid
accretion of bone or of tissue, to aid in fighting off bacterial
infections, to promote tissue growth or for a plurality of
other reasons.

Methods of Emplacing an Expandable device in a Body 
Part

[0069] The present invention may be use in a method
of emplacing an expandable device comprising a plurality
of connected segments in a body part in a subject com-
prising: (a) emplacing the expandable device in a cannula
in a first configuration, wherein a plurality of longitudinal
axes of the plurality of connected segments are substan-
tially unfolded; (b) urging the distal end of the cannula to
the body part of interest; (c) urging the expandable device
through the cannula into the body part of interest; and
(d) causing the plurality of connected segments to as-
sume a second configuration in the body part of interest
wherein the plurality of connected segments are substan-
tially folded to expand the expandable device to an ex-
panded height, and wherein at least one of the plurality
of connected segments substantially spans the expand-
ed height.
[0070] In some embodiments, the plurality of longitu-
dinal axes of the plurality of connected segments are
substantially co-axial in the first configuration. The plu-
rality of segments may be folded in alternating directions
in the second configuration. Also in some embodiments,
the plurality of longitudinal axes of the plurality of con-
nected segments are substantially parallel.
For example in certain embodiments, a longitudinal sur-
face of a first one of the plurality of connected segments
is substantially flush with a longitudinal surface of a sec-
ond one of the plurality of connected segments in the
second configuration. Thus, in one embodiment, the plu-
rality of connected segments have a first configuration
wherein a plurality of longitudinal axes of the plurality of
connected segments are substantially coplanar, and a
second configuration wherein the plurality of connected
segments are folded in alternating directions. In one em-
bodiment, the expandable device comprises a first mem-
ber comprising a plurality of segments that may fold in a
coordinated manner from a first configuration in which
the segments are linearly aligned such that an axial end
of each segment is substantially flush with an axial end
of an adjacent segment, to a second configuration where-
in a longitudinal surface of at least one segment is sub-
stantially flush with a longitudinal surface of a second,
adjacent segment.
[0071] In an embodiment, the device expands (i.e.,
folds) as it exits the cannula. Thus, the method may com-
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prise emplacing the device in a cannula; (b) urging the
distal end of the cannula to the body part of interest; (c)
urging at least a portion of the device to exit the cannula
such that at least two of the segments exit from the distal
end of the cannula into the body part of interest; (d) caus-
ing the portion of the device that has exited the cannula
to assume the second configuration (either automatically
as the device exits the cannula or via manual actuation);
(e) repeating steps (c) and (d) until the expandable device
has completely exited the cannula and has been fully
deployed.
[0072] The segments used in the expandable device
of the method of the present invention may be separate
parts, or the segments may be joined together as a single
unit. For example, in one embodiment, the segments are
connected to each other by a hinge between adjacent
segments. In certain embodiments, the plurality of con-
nected segments are connected by a plurality of hinges,
each of the plurality of hinges having a thickness less
than a thickness of each of the plurality of connected
segments. For example, in some embodiments, the plu-
rality of connected segments are connected by living
hinges.
[0073] In one embodiment, the device comprises a re-
positioning member for urging the first member between
the first configuration and the second configuration. For
example, the repositioning member may engage each of
the segments, such that the repositioning member can
be used to urge the expandable device from a first con-
figuration in which the segments are substantially unfold-
ed to a second configuration in which the segments are
substantially folded. In one embodiment, the first config-
uration comprises having an axial end of each segment
being substantially flush with an axial end of an adjacent
segment, and the second configuration comprises hav-
ing a longitudinal surface of at least one segment being
substantially flush with a longitudinal surface of a second
segment. In one embodiment, the repositioning member
is a wire. The wire may, in certain embodiments, be fix-
edly attached to the distal-most segment. For example,
in one embodiment, step (d) may comprise tightening the
repositioning member by pulling the repositioning mem-
ber from the distal end of the device towards the proximal
end of the device such that the two segments that have
emerged from the cannula become substantially folded.
[0074] In some embodiments, the repositioning mem-
ber may comprise a wire that is passed through at least
one aperture on each of the segments. The wire may
pass through the segments in an alternating manner. For
example, the wire may loop through an aperture posi-
tioned in each of the segments in a manner so as to
extend from a first segment to a second segment on one
face of the unit (e.g., upper or superior) and then to extend
from the second segment to the third segment on the
opposite face of the unit (e.g., lower or inferior). The wire
may then extend from the third segment to the fourth
segment on the superior face, and from the fourth seg-
ment to the fifth segment on the inferior face, and so forth,

until all of the segments are connected.
[0075] The positioning of the wire relative to the upper
and lower faces of the unit can allow for the wire to func-
tion so as to collapse the upper and lower faces (i.e.,
longitudinal surfaces) of the segments together such that
the longitudinal surfaces of adjacent segments go from
a substantially linear arrangement, to an arrangement
where the longitudinal surfaces of adjacent segments are
pulled together. In certain embodiments, the step of caus-
ing the plurality of connected segments to assume the
second configuration comprises moving a distal one of
the plurality of connected segments and a proximal one
of the plurality of connected segments closer together.
Thus, in one embodiment, the wire is fixedly attached to
a segment positioned on one end of the device such that
the when the wire is pulled toward the other segments,
the adjacent segments are pulled towards each other
such that the longitudinal surface of one segment is urged
to a final configuration in which it is substantially flush
with the longitudinal surface of a second segment. In one
embodiment, the wire may be pulled such that it is com-
pletely tightened (i.e., can be pulled no further). At this
point, the device will have a configuration such that at
least one longitudinal surface of each segment is sub-
stantially flush with at least one longitudinal surface of
an adjacent segment.
[0076] The expandable device, when fully deployed,
may have a height that is equal to the longitudinal length
of each segment. In certain embodiments, the segments
may comprise elements to assist in the alignment of the
segments when the longitudinal surfaces of at least two
segments are substantially flush. In this way, the tenden-
cy of the segments to twist off center and become mis-
aligned can be reduced. For example, in one embodi-
ment, the alignment elements may comprise at least one
protrusion on a first segment and at least one aperture
to receive the protrusion on an adjacent segment. Or,
multiple protrusions and apertures may be used. Gener-
ally, each of the segments may comprise at least two
protrusions and receiving apertures. For example, in one
embodiment, the protrusions and receiving apertures are
positioned close to the axial end of each segment. In this
way, when each pin and aperture interlock, the mating
will prevent the two segments from twisting or wiggling
relative to the longitudinal (i.e., longest) axis of the lon-
gitudinal surface.
[0077] The method may employ additional tools to sta-
bilize the body part of interest during the procedure. For
example, in one embodiment, the method may comprise
emplacing an inflatable member into the body part to sup-
port the body part during emplacement of the expandable
device. In certain embodiments, the inflatable member
may remain in place until the procedure is completed.
Also, in some embodiments, a plurality of inflatable mem-
bers may be used. For example, a first and second in-
flatable member may be positioned in the body part prior
to insertion of the cannula containing the expandable de-
vice. After expansion of the cage, and any other thera-
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peutic steps, the inflatable members may be removed.
[0078] Expandable devices of the present invention
may be designed for emplacement in a variety of body
parts. For example, the expandable devices may be em-
placed in a boney structure, or between two bones. In
one embodiment, the segments are configured for per-
cutaneous delivery to a body part using a cannula. For
example, the step of causing the plurality of connected
segments to assume a second configuration may com-
prise causing the plurality of connected segments to exit
the cannula.
[0079] In certain embodiments, the body part may
comprise a spinal disc or an intervertebral region be-
tween two vertebral bodies. In one embodiment, the ex-
pandable device may be emplaced between two verte-
bral bodies, to replace the intervertebral disc. The meth-
ods of the present invention allow the treatment of any
vertebrae, for example, the expandable device can be
applied to pelvic, lumbar, thoracic, or cervical vertebrae.
Where the expandable device is emplaced between two
vertebral bodies, the access may be extrapedicular or
transpedicular. Or, an anterior access may be used. For
example, where the expandable device is emplaced be-
tween two vertebral bodies as part of a bone graft pro-
cedure, the method may comprise emplacing a bone
graft material to promote fusion of a vertebral body that
is adjacent to the upper surface of the disc to a vertebral
body that is adjacent to a lower surface of the disc after
the device has been emplaced. Thus, embodiments of
the present invention may be used as expandable devic-
es for insertion between two vertebral bodies during a
spinal fusion procedure. Or, the expandable device may
be used for emplacement in other body parts such as
within a vertebral body or other bone structure.
[0080] In certain embodiments, the expandable device
is fashioned for percutaneous access. For example, the
expandable device may be fashioned for repair of a spine.
For example, the method may comprise the step of em-
placing the expandable device in a cannula, wherein the
expandable device comprises a first member comprising
a plurality of segments connected by living hinges, and
a wire as the repositioning member that engages each
of the segments, wherein the wire can be loosened to
allow the segments to be positioned such that the seg-
ments are substantially unfolded (e.g., the axial end of
one segment is substantially flush with an axial end of
an adjacent segment), or the wire can be tightened such
that the segments are substantially folded (e.g., the lon-
gitudinal surface of one segment is substantially flush
with the longitudinal surface of a second segment). The
method may also comprise urging the distal end of the
cannula to the intervertebral disc region between the two
vertebral bodies to position the expandable device to the
position where it is to be deployed. The method may also
comprise urging a portion of the expandable device to
exit the cannula such that at least two of the segments
exit from the distal end of the cannula into the interver-
tebral disc region. The method may further include tight-

ening the wire by pulling the wire towards the proximal
end of the cannula such that the two segments that have
emerged from the cannula become deployed so as to be
substantially folded. Next, the method may include re-
peating the deployment of adjacent segments until the
expandable device has completely exited the cannula
and has been fully deployed in the intervertebral region.
At this point, the method may comprise adding a bone
graft material to the intervertebral region and/or removing
the cannula from the intervertebral disc space. Thus, the
present invention may, in certain embodiments, com-
prise a method of emplacing an expandable fusion cage
comprising a plurality of connected segments in an in-
tervertebral region between two vertebral bodies in a sub-
ject comprising: (a) emplacing the expandable fusion
cage in a cannula in a first configuration wherein a plu-
rality of longitudinal axes of the plurality of connected
segments are substantially coaxial; (b) urging the distal
end of the cannula to the intervertebral region; (c) urging
the plurality of connected segments through the cannula
into the intervertebral region; (d) moving a proximal one
of the plurality of connected segments and a distal one
of the plurality of connected segments closer together
over a repositioning member threaded through the plu-
rality of connected segments to place the plurality of con-
nected segments in a second configuration by pulling the
repositioning member such that the at least two seg-
ments that have emerged from the cannula become de-
ployed such that a longitudinal surface of one segment
is substantially flush with a longitudinal surface of an ad-
jacent segment; (e) repeating steps (c) and (d) until the
expandable fusion cage has completely exited the can-
nula and has been fully deployed in the intervertebral
region; (f) optionally, adding a bone graft material; and
(g) removing the cannula from the intervertebral disc
space.
[0081] As described herein, where the expandable de-
vice is used for spinal fusion, the access path may com-
prise a percutaneous access to the spine. For example,
the access member may be a cannula or catheter con-
figured for accessing the spine. In certain embodiments,
the access member is configured for accessing the ver-
tebral body. Or, the access member may be configured
for accessing the intervertebral disc space. In this em-
bodiment, the entry point may be posterolateral, through
Kambin’s triangle, or by a typical discography approach.
Where the body part is a vertebral body or an interverte-
bral disc space, two entry points may be used as in a
bilateral approach.
[0082] The expandable device may also be emplaced
in a void that is either within or between two body parts.
For example, where the expandable device is being em-
placed between two vertebral bodies, as for example to
replace a degenerated intervertebral disc and fuse the
two vertebral bodies together (spinal fusion), the expand-
able device may be emplaced in a void that has been
generated between the two vertebral bodies.
[0083] In one embodiment, the expandable device

21 22 



EP 2 262 435 B1

13

5

10

15

20

25

30

35

40

45

50

55

may be inserted into the body part of interest and ex-
panded without the use of extraneous tools or support
structures. Alternatively, a temporary support structure
may be used to hold the body part or body parts of interest
in position and/or to stabilize the void into which the ex-
pandable device is to be emplaced. For example, in some
cases, a balloon or balloons may be used to stabilize two
vertebral bodies in position while the expandable device
is emplaced between the vertebral bodies during a spinal
fusion procedure.
[0084] FIG. 14 shows a flowchart for an example of a
method for deploying an expandable device of the
present invention. FIGS 14-22 illustrate an embodiment
of an expandable device of the invention being used as
a expandable device for fusing two adjacent vertebral
bodies.
[0085] As shown in FIG. 14, the method may comprise
a first step of inserting one or two access members (e.g.,
cannulas) in, or adjacent to, a body part of interest via
percutaneous access 202. The body part may then be
accessed. For example, if the body part is a bone, an
incision may be cut into the bone. Or, for soft tissue (e.g.,
an intervertebral disc), the cannula may be positioned so
as to abut the tissue of interest. For example, FIG. 15
shows two access cannulas 40, 41 accessing an interver-
tebral region 70. For orientation, 74 is the anterior (front)
of the disc 70.
[0086] The user (e.g., a surgeon, veterinarian, or other
medical personnel) may then use the access member
(e.g., access cannula) to remove any tissue that is to be
replaced 204. For example, where the expandable de-
vice is used in a spinal fusion procedure, the user may
remove any degenerated disc material as is required. In
some cases, and as shown in FIG. 14, the removal of
tissue may be done, at least in part, before emplacement
of a first inflatable member (discussed below). Or, this
step may be done before emplacement of the second
inflatable member, but after emplacement of the first in-
flatable member. Or, this step may be done after em-
placement of two inflatable members.
[0087] Next, an inflatable member or members (e.g.,
balloons) may be inserted into the body part via the em-
placed access cannula or cannulas 206 (FIG. 14). The
inflatable member(s) may then be inflated to an extent
sufficient to position and support the vertebral bodies in
correct alignment. In some cases it may be determined
that a second inflatable member is required. In some cas-
es it may be desirable to emplace two inflatable mem-
bers, each one positioned along the anterior lateral edge
of the intervertebral disc space. For example, FIG. 16
shows two inflatable members 61, 62 inserted into an
intervertebral disc space (after removal of damaged tis-
sue) and inflated using shafts 63, 64 (e.g., IBT shafts or
the like).
[0088] Once the body part has been prepared to re-
ceive the expandable device, at least one of the inflatable
members may be removed 208 (FIG. 14). For example,
as shown in FIG. 17, inflatable member 61 may be de-

flated, and then withdrawn from the intervertebral disc
space 70 by pulling shaft 63 out of the proximal end of
access cannula 40. The other inflatable member 62, may
remain in place during insertion of an expandable device
on one side of the intervertebral disc space. It is to be
understood that while the figures illustrate one embodi-
ment of preparing an intervertebral disc space for inser-
tion of an expandable device of the invention, other steps
as known in the art may be required for preparation of
other body parts to receive the expandable device.
[0089] Once the body part of interest has been pre-
pared to receive the expandable device, the user may
position the expandable device in the body part. For ex-
ample, in one embodiment, the user may insert the un-
deployed (i.e., elongated or unfolded) expandable device
into the first access cannula. The user may then thread
the undeployed expandable device through the cannula
until the distal end of the expandable device is positioned
at the distal end of the cannula 210 (FIG. 14). At this
point, the user may position the distal end of the cannula,
and also the distal end of the expandable device, in the
anterior region of the intervertebral disc space 212. In
one embodiment, the cannula access is extrapedicular,
such that the cannula enters the disc space from the side,
with its distal end positioned almost at the center of the
anterior end of the disc space. FIG. 18 shows an expand-
able device of the invention comprised of segments 4a-
4i threaded through the access cannula 40, with the distal
end of the expandable device and the distal end of the
access cannula positioned near the anterior side 74 of
the intervertebral space 70. Shown in FIG. 18 is a repo-
sitioning member (e.g., wire) 8 which can be pulled to
deploy the expandable device and allow vertical expan-
sion of segments 4a-4i. Also shown in FIG. 18 is pushing
member 9 (e.g., a hollow rod or the like) which is used
to push the expandable device out of the distal end of
the cannula while the repositioning member is being
pulled proximally to deploy the expandable device. As
shown in FIG. 18, the pushing member 9 can be posi-
tioned concentrically to repositioning member 8. Gener-
ally, there is no need to connect the pushing member 9
to the expandable device since it will function by being
pushed against the proximal end of the undeployed ex-
pandable device.
[0090] The user may then push the expandable device
out of the cannula by pushing the expandable device
towards the distal end of the cannula while pulling the
repositioning member such that the segments deploy up-
on exiting the cannula 214 (FIG. 14). Or, in certain em-
bodiments, the device may comprise segments that are
connected such that the segments are biased towards
the second configuration as for example, where the hing-
es or repositioning members comprise spring-like ele-
ments. Or, the user may allow the majority or all of the
segments to exit the cannula prior to urging the device
to the second configuration (i.e., deploying or folding the
device). FIG. 19 shows an embodiment in which the ex-
pandable device is beginning to be deployed or folded in
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the intervertebral disc space 70. It can be seen that the
expandable device may be pushed out of the cannula 40
by pushing the expandable device towards the distal end
of the cannula and thus, towards the anterior 74 of the
intravertebral disc space, as for example, using pushing
member 9, while pulling the repositioning member 8 to-
wards the proximal end of the cannula such that at least
two segments 4a, 4b vertically deploy upon exiting the
cannula 40. In this way, the upper surface of the expand-
able device will abut the lower surface of the upper ver-
tebral body and the lower surface of the expandable de-
vice will abut the upper surface of the lower vertebral
body.
[0091] The user may then continue to push the expand-
able device out of the cannula while pulling on the repo-
sitioning member until the entire expandable device is
deployed 216 (FIG. 14). FIG. 20 shows an embodiment
where an expandable device of the invention has com-
pletely exited the cannula 40 and been folded or deployed
such that each of the segments are now engaged at ad-
jacent longitudinal surfaces. At this point, the expandable
device may be disengaged from the repositioning mem-
ber 8 and the deployment rod 9. For example, the ten-
sioning wire may be hooked onto the proximal end of the
expandable device (e.g., 4i in FIG. 20) by a hook type
clasp or other releasable connector, such that the wire
may be disengaged from the expandable device by an
operator manipulating the proximal end of the wire. In an
embodiment, the wire can be disengaged by first being
pulled tight. A crimp or ferrule can then be crimped at the
longitudinal face of the most proximal segment to main-
tain tightness of the assembly. Finally, the excess wire
may be cut just proximal to the crimp using any of a plu-
rality of wire cutting devices. As noted herein, the pushing
member is generally not connected to the expandable
device and so may simply be withdrawn out of the can-
nula 40.
[0092] In some cases, a plurality of expandable devic-
es may be emplaced. If needed, the user may deploy
another expandable device in the body part of interest.
For example, the user may deploy anther expandable
device on the other side of the intervertebral disc space.
Thus, as shown in FIG. 14, the user may then deflate
and remove the other inflatable member 218, and insert
a second expandable device at another position in the
body part to be repaired 220 by repeating steps used to
insert the first expandable device. For example, for an
intervertebral disc, a second expandable device may be
emplaced in the other side of the disc space. FIG. 21
shows an intervertebral disc space with two expandable
devices emplaced, and the repositioning members and
pushing members 8, 9, removed from one of the cannu-
las.
[0093] In some cases, a therapeutic agent is emplaced
in the body part of interest. For example, the method may
further comprise emplacing a bone graft material to pro-
mote fusion of a vertebral body that is adjacent to an
upper surface of the deployed expandable device to a

vertebral body that is adjacent to a lower surface of the
deployed expandable device after the device has been
emplaced. Thus, using one or both access cannulas, the
user may emplace a bone graft material into any voids
that remain in the body part 222 (FIG. 14). FIG. 22 shows
a bone graft material 66 being emplaced into a disc space
into which two expandable devices of the invention have
been deployed. For example, the therapeutic agent 66
may be urged into the body part of interest using a plunger
68 and pushing 67 the material out the distal end of the
cannula(s) 40, 41 using a rod 73 attached to the plunger
68.
[0094] Once the bone graft material has been em-
placed, the access cannula(s) and remaining tools used
for the procedure may be removed 224 (FIG. 14). The
bone graft material may then grow, thereby filling in any
voids remaining in the body part of interest. For example,
for a spinal fusion, the bone graft material will fill in the
intervertebral space, thereby allowing fusion of the lower
and upper vertebral bodies.

Systems and Kits

[0095] In other embodiments, the present invention
comprises systems and kits comprising an expandable
device according to claim 1. In certain embodiments, the
systems of kits of the present invention comprise (a) an
expandable device comprising a plurality of segments,
the plurality of segments being flexibly connected in se-
ries, the expandable device having a first configuration
wherein the plurality of segments are substantially un-
folded, and a second configuration wherein the plurality
of segments are substantially folded, and wherein a total
height of the expandable device in the second configu-
ration is substantially spanned by at least one of the plu-
rality of segments; and (b) an access member for insert-
ing the device into the body part of interest. In some em-
bodiments, the access member may comprise a cannula.
Also, in some embodiments, the kit may comprise in-
structions for use.
[0096] In some embodiments, the plurality of longitu-
dinal axes of the plurality of connected segments are
substantially co-axial in the first configuration. The plu-
rality of segments may be folded in alternating directions
in the second configuration. Also in some embodiments,
the plurality of longitudinal axes of the plurality of con-
nected segments are substantially parallel.
For example in certain embodiments, a longitudinal sur-
face of a first one of the plurality of connected segments
is substantially flush with a longitudinal surface of a sec-
ond one of the plurality of connected segments in the
second configuration. For example, in some embodi-
ments, the systems or kits of the present invention com-
prise an expandable device for emplacement in a body
part in a subject comprising a first member comprising a
plurality of segments that may fold in a coordinated man-
ner from a first configuration in which the segments are
aligned such that an axial end of each segment is sub-
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stantially flush with an axial end of an adjacent segment,
to a second configuration wherein a longitudinal surface
of at least one segment is substantially flush with a lon-
gitudinal surface of a second, adjacent segment. The
segments are each connected to at least one other of
the plurality of segments. For example, in one embodi-
ment the segments are connected to each other by a
hinge between adjacent segments. In certain embodi-
ments, the plurality of connected segments are connect-
ed by a plurality of hinges, each of the plurality of hinges
having a thickness less than a thickness of each of the
plurality of connected segments. The plurality of connect-
ed segments are connected by living hinges.
[0097] In other embodiments, the device of the sys-
tems and kits comprises a repositioning member for urg-
ing the first member between the first configuration and
the second configuration. The repositioning member may
engage each of the segments. In some embodiments,
the repositioning member may engage each of the seg-
ments, such that the repositioning member can be used
by an operator of the device to urge the segments from
the first configuration to the second configuration, or from
the second configuration to the first configuration. In one
embodiment, the repositioning can be loosened to allow
the segments to be positioned such that the segments
are substantially unfolded (e.g., having an axial end of
each segment substantially flush with an axial end of an
adjacent segment), or the connector can be tightened
such that the segments are substantially folded (e.g.,
having a longitudinal surface of at least one segment
substantially flush) with the longitudinal surface of a sec-
ond segment.
[0098] In certain embodiments, the repositioning mem-
ber used in the device of the systems and kits of the
present invention may comprise a wire that is passed
through at least one aperture on each of the segments.
The wire may pass through the segments in an alternat-
ing manner. For example, the wire may loop through an
aperture positioned in each of the segments in a manner
so as to extend from a first segment to a second segment
on one face of the unit (e.g., upper or superior) and then
to extend from the second segment to the third segment
on the opposite face of the unit (e.g., lower or inferior).
The wire may then extend from the third segment to the
fourth segment on the superior face, and from the fourth
segment to the fifth segment on the inferior face, and so
forth, until all of the segments are connected.
[0099] The positioning of the wire relative to the upper
and lower faces of the unit may allow for the wire to func-
tion so as to collapse the upper and lower faces (i.e.,
longitudinal surfaces) of the segments together such that
the longitudinal surfaces of adjacent segments go from
a substantially unfolded or linear arrangement to an ar-
rangement where the longitudinal surfaces of adjacent
segments are substantially folded together. Thus, in one
embodiment, the wire is fixedly attached to a segment
positioned on one end of the device such that the when
the connector is pulled toward the other segments, the

adjacent segments are pulled towards each other such
that the longitudinal surface of one segment is urged to
a final configuration in which it is substantially flush with
the longitudinal surface of a second segment.
[0100] The segments may also comprise elements to
assist in the alignment of the segments when the longi-
tudinal surfaces of at least two segments are substan-
tially flush.
In this way, the tendency of the segments to twist off
center and become misaligned can be reduced. For ex-
ample, in one embodiment, the alignment elements may
comprise at least one protrusion on a first segment and
at least one aperture to receive the pin on an adjacent
segment. Or, multiple protrusions and apertures may be
used. Generally, each of the longitudinal surfaces may
comprise at least two protrusions and receiving aper-
tures. For example, in one embodiment, the protrusions
and receiving apertures are positioned close to the axial
end of each segment. In this way, when each protrusion
and aperture interlock, the mating will prevent the two
segments from twisting relative to the longitudinal (i.e.,
longest) axis of the longitudinal surface.
[0101] FIG. 23 shows an illustration of one embodi-
ment of a kit of the present invention. Thus, as shown in
FIG. 23, the kit may comprise one or more expandable
devices 2 having segments that are connected by hinges
6. In some embodiments, the expandable device further
includes a repositioning member 8 that is used to urge
the segments between the first configuration and the sec-
ond configuration. The kit may also include an access
member 40, or multiple access members, such as a can-
nula for inserting the device into a body part. The kit may
further comprise a pushing member 9, or multiple push-
ing members for urging the expandable device through
the cannula.
[0102] The kit and systems of the present invention
may also include inflatable members. For example, in
certain embodiments, the kits and systems may be used
to emplace an inflatable member into the body part to
support the body part during emplacement of the expand-
able device. Also, a plurality of inflatable members 61,
62 may be included. In one embodiment, the inflatable
members may comprise balloons, such as those used in
kyphoplasty. Or, other inflatable members may be used.
The kit may also include other tools or devices needed
for access of the body part as for example, drills 69 or
other types of percutaneous access devices.
[0103] In certain embodiments of the systems and kits
of the present invention, the segments are configured for
percutaneous delivery to a body part using a cannula.
Expandable devices of the present invention may be de-
signed for emplacement in a variety of body parts. For
example, the expandable devices may be emplaced in
a boney structure, or between two bones. In one embod-
iment, the expandable device may be emplaced between
two vertebral bodies, to replace the intervertebral disc.
The systems and kits of the present invention allow the
treatment of any vertebrae; for example, the expandable
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device can be applied to pelvic, lumbar, thoracic, or cer-
vical vertebrae. Where the expandable device is em-
placed between two vertebral bodies, the access may be
extrapedicular, transpedicular or anterior. For example,
where the expandable device is emplaced between two
vertebral bodies as part of a bone graft procedure, the
kits and systems of the present invention may comprise
emplacing a bone graft material to promote fusion of the
vertebral bodies.
[0104] The kits and systems of the present invention
may, in certain embodiments, include a bone graft ma-
terial or other biological materials required for the proce-
dure of interest. In certain embodiments, the kit may com-
prise a bone graft material for emplacement in an in-
tervertebral disc space to promote fusion of a vertebral
body that is adjacent to an upper surface of the deployed
expandable device to a vertebral body that is adjacent
to a lower surface of the deployed expandable device.
For example, the bone graft material of the present in-
vention may include allograft, autograft, BMP (bone-mor-
phogenic proteins), bone marrow aspirate, demineral-
ized bone matrix, ceramics, calcium phosphates, blood
platelet gels, and other similar and known materials that
are suitable for bone grafts. The kit may include an outer
wrap and/or a case 94 to protect the components of the
system from physical damage. Also, the kit may further
include an inner wrap 95 which, in certain embodiments,
may be sealed by heat or vacuum to prevent the com-
ponents of the kit from being exposed to the outside en-
vironment. The inner/outer wraps may be made of wrap
materials commonly used in the art such as polyethylene,
TYVEK™, or MYLAR™, to allow for visualization of the
components in the kit and or sterilization using a steriliz-
ing gas. Sterilization may be by heat, pressure and/or
sterilization gas as is known in the art. Also, the kit may
include directions for use by a physician, veterinarian, or
other trained personnel.
[0105] Each of the components used in the products,
systems, and kits of the present invention may comprise
a material that may be sterilized by either chemical treat-
ment, high temperature, and/or high pressure, exposure
to sterilizing gas, or a combination of sterilization treat-
ments as is known in the art. Also, the components of
the products, systems, and kits of the present invention
may be disposable, or may be formulated to allow for
cleaning, re-sterilization, and re-use.

Methods of Making

[0106] The present Invention may be made by a meth-
od of making an expandable device for emplacement in
a body part comprising fashioning a plurality of connected
segments, the plurality of connected segments being
flexibly connected in series, the expandable device hav-
ing a first configuration wherein the plurality of segments
are substantially unfolded, and a second configuration
wherein the plurality of segments are substantially folded,
and wherein a total height of the expandable device in

the second configuration is substantially spanned by at
least one of the plurality of segments.
[0107] In some embodiments, the plurality of longitu-
dinal axes of the plurality of connected segments are
substantially co-axial in the first configuration. The plu-
rality of segments may be folded in alternating directions
in the second configuration. Also in some embodiments,
the plurality of longitudinal axes of the plurality of con-
nected segments are substantially parallel.
For example in certain embodiments, a longitudinal sur-
face of a first one of the plurality of connected segments
is substantially flush with a longitudinal surface of a sec-
ond one of the plurality of connected segments in the
second configuration. For example, the method may
comprise fashioning a first member comprising a plurality
of segments that may fold in a coordinated manner from
a first configuration in which the segments are aligned
such that an axial end of each segment is substantially
flush with an axial end of an adjacent segment, to a sec-
ond configuration wherein a longitudinal surface of at
least one segment is substantially flush with a longitudi-
nal surface of a second, adjacent segment.
[0108] In one embodiment, the segments are each
connected to at least one other of the plurality of seg-
ments. In certain embodiments, the plurality of connected
segments are connected by a plurality of hinges, each
of the plurality of hinges having a thickness less than a
thickness of each of the plurality of connected segments.
For example, in some embodiments, the plurality of con-
nected segments are connected by living hinges.
[0109] The first member may be fashioned as a single
piece. For example, in one embodiment, the first member
may be injection molded plastic, such as PEEK, ultra high
molecular weight polyethylene, or polycarbonate. The liv-
ing hinge may be fashioned as a very thin connection
between adjacent segments. Or, the living hinge may be
molded from a metal such as NITINOL or steel. For ex-
ample, in some embodiments, the living hinge comprises
a spring-like material that biases the segments in the
second configuration. As seen in FIG. 1, the device may
be fashioned such that the hinges are on opposite sides
for each of the adjacent segments. For example, as il-
lustrated in the embodiment shown in FIG. 1, if the hinge
between the first segment 4a and the second segment
4b is positioned on the lower (inferior) surface, then the
hinge between the second segment 4b and the third seg-
ment 4c will be positioned on the upper (superior) sur-
face, and the hinge between the third segment 4c and
the fourth segment 4d will be positioned on the lower
surface and so forth. In this way, bending of the segments
at the hinges can occur during deployment to allow for
vertical expansion.
[0110] The method may also comprise fashioning a
repositioning member that engages each of the seg-
ments such that the repositioning member can be used
to urge the expandable device between the first config-
uration and the second configuration. The repositioning
member may, in certain embodiments, engage each of
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the segments, such that the repositioning member can
be used by an operator of the device to urge the segments
from the first configuration to the second configuration,
or from the second configuration to the first configuration.
In one embodiment, the repositioning member is fash-
ioned such that it can be loosened to allow the segments
to unfold and be tightened to allow the segments to fold.
In one embodiment, the repositioning member is used to
urge the device from a first configuration such that the
axial end of one segment is substantially flush with an
axial end of an adjacent segment to a second configura-
tion such that the longitudinal surface of one segment is
substantially flush with the longitudinal surface of a sec-
ond segment. Or, the repositioning member may com-
prise a spring-like material that biases the segments in
the second configuration.
[0111] In an embodiment, the repositioning member
comprises a wire that is passed through at least one ap-
erture on each of the segments. The wire may be fixedly
attached to a segment at one end of the device. The wire
may pass through the segments in an alternating man-
ner. For example, the wire may be fixedly attached to the
most distal segment (4a) and then loop through an ap-
erture positioned in each of the segments in a manner
so as to extend from a first segment (e.g., 4a) to a second
segment (e.g., 4b) on one face of the unit (e.g., upper or
superior) and then to extend from the second segment
to the third segment on the opposite face of the unit (e.g.,
lower or inferior). The wire may then extend from the third
segment to the fourth segment on the superior face, and
from the fourth segment to the fifth segment on the inferior
face, and so forth, until all of the segments are connected.
[0112] The positioning of the wire relative to the upper
and lower faces of the unit allows for the wire to function
so as to collapse the upper and lower faces (i.e., longi-
tudinal surfaces) of the segments together such that the
longitudinal surfaces of adjacent segments go from a
substantially unfolded or linear arrangement, to an ar-
rangement where the longitudinal surfaces of adjacent
segments are substantially folded together. Thus, in one
embodiment, the wire is fixedly attached to a segment
positioned on one end of the device such that the when
the connector is pulled toward the other segments, the
adjacent segments are pulled towards each other and
the longitudinal surface of one segment is urged to a final
configuration in which it is substantially flush with the lon-
gitudinal surface of a second segment. In one embodi-
ment, the connector may be pulled such that it is com-
pletely tightened (i.e., can be pulled no further). At this
point, the device will have a configuration such that at
least one surface of each segment is substantially flush
with at least one surface of an adjacent segment.
[0113] In alternate embodiments, the repositioning
member may be made of titanium, stainless steel or NITI-
NOL (i.e., a nickel titanium alloy). It should be understood
that for either the segments or the repositioning member,
other materials are contemplated such as of PEEK (pol-
yetheretherketones) ultra high molecular weight polyeth-

ylene, nylon or polycarbonate, silicone and metal mate-
rials, tantalum, platinum, titanium, and niobium alloys,
PHYNOX®, or any of a plurality of polymeric materials,
such as polytetrafluoroethylene (ePTFE). Alternatively,
the repositioning member may be made of any one of
tungsten, iridium platinum, ELGILOY (Elgin, Illinois), or
mixtures thereof or any other available metal alloy suit-
able for its intended purpose.
[0114] As discussed herein, when fully deployed, the
expandable device of the present invention will have a
height that is equal to the longitudinal length of each seg-
ment. The method may therefore comprise fashioning
elements on the individual segments to assist in the align-
ment of the segments when the longitudinal surfaces of
at least two segments are substantially flush. In this way,
the tendency of the segments to twist off center and be-
come misaligned can be reduced. For example, in one
embodiment, the alignment elements may comprise at
least one pin fashioned on a first segment and at least
one aperture to receive the pin fashioned on an adjacent
segment. Or, multiple pins and apertures may be used.
Generally, each of the longitudinal surfaces may com-
prise at least two pins and receiving apertures. For ex-
ample, in one embodiment, the pins and receiving aper-
tures are positioned close to the axial end of each seg-
ment. In this embodiment, the male fixtures may com-
prise pins, plugs, or other types of male fixtures. The
apertures may be made during the molding process or
cut into an already molded segment.
[0115] In certain embodiments of the present inven-
tion, the segments are configured for percutaneous de-
livery to a body part using a catheter. Expandable devices
of the present invention may be designed for emplace-
ment in a variety of body parts. For example, the expand-
able devices may be fashioned to have a size and shape
for emplacing in a boney structure, or between two bones.
In one embodiment, the expandable device may be em-
placed between two vertebral bodies, to replace the in-
tervertebral disc. The systems and kits of the present
invention allow the treatment of any vertebrae, for exam-
ple, the expandable device can be applied to pelvic, lum-
bar, thoracic, or cervical vertebrae.
[0116] In one embodiment, the expandable device is
configured to have a substantially rectangular shape
when the expandable device is deployed. In this embod-
iment, the side walls may be arcuate such that the ex-
pandable device, when in its undeployed state, has an
outer surface that generally cylindrical. In this way, the
expandable device can be deployed via a cylindrical ac-
cess member, such as a cylindrical cannula. It should be
understood that in the embodiment where the expanda-
ble device is used to replace an intervertebral disc for a
spinal fusion, the shape of the expandable device can
be any shape that will provide the needed positioning
and stabilizing of the vertebrae during the fusion proce-
dure and after the administration of the agent used to
promote fusion.
[0117] The size of the segments and the number of
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segments used may depend on the body part for which
the expandable device is to be used. For example, for
use in spinal fusions, in alternate embodiments the seg-
ments that comprise the expandable device range from
between about 0.3 to 2.0, or 0.6 to 1.0 cm in height, 0.3
to 2.0 to 0.6 to 1.0 cm in width, and 1.0 to 8, or 2.0 to 5.0
cm in length. The expandable device dimensions may
be varied such that the expandable device has dimen-
sions suitable for placement between the vertebrae of a
normal sized adult patient. However, it should be under-
stood that other sizes are contemplated and therefore
within the scope of the invention, for example, when the
expandable devices are used on children or on adults
that are of smaller or larger stature.
[0118] The expandable device may comprise any
number of segments depending upon the body part into
which the expandable device is to be inserted. Also, the
segments may vary with respect to the relative ratio be-
tween of the diameter (or width and/or height of the seg-
ment) as compared to the length. In alternate embodi-
ments, the length of each segment is about 1.5 to 10, or
1.2 to 5, or 2 to 3 times the diameter (or width and/or
height) of the segment.
[0119] Other materials/chemicals may be associated
with the expandable device of the present invention such
as lubricants, antibiotics, anti-cancer agents, bone ce-
ments, bone grafts, chemicals that prevent autoimmune
defenses, and the like. In an embodiment, these materi-
als/ chemicals may be released over an extended time
period. These materials/ chemicals may be used to aid
accretion of bone or of tissue, to aid in fighting off bacterial
infections, to promote tissue growth or for a plurality of
other reasons. Such agents may be coated onto the ex-
pandable device, or attached as time-release capsules
or by other means known in the art.

Claims

1. An expandable device (2) for emplacing in an in-
tervertebral region between two vertebral bodies
(57, 58) in a subject comprising:

a plurality of segments (4a-f), the plurality of seg-
ments (4a-f) being flexibly connected in series,
the expandable device (2) having a first config-
uration wherein the plurality of segments (4a-f)
are substantially unfolded, and a second config-
uration wherein the plurality of segments (4a-f)
are substantially folded, wherein in the second
configuration, the plurality of segments are fold-
ed in alternating directions with respective pairs
of the segments (4a-f) sharing a common living
hinge (6) such that in the second configuration
longitudinal surfaces of the respective pairs of
segments (4a-f) become juxtaposed adjacent to
each other and axial surfaces of the respective
pairs of segments (4a-f) become separated, and

wherein in the second configuration the axial
surfaces (35, 36) of the segments (4a-f) form
upper and lower surfaces (52, 53) for contacting
the two vertebral bodies (57, 58) with a total
height of the expandable device (2) in the sec-
ond configuration being substantially spanned
by at least one of the plurality of segments (4a-f).

2. The device (2) according to claim 1, wherein the axial
surfaces (35, 36) have a roughened surface texture.

3. The device (2) according to claim 2, wherein the axial
surfaces (35, 36) are stippled or ribbed.

4. The device (2) according to claim 1, wherein in the
first configuration, a plurality of longitudinal axes of
the plurality of segments (4a-f) are substantially co-
axial.

5. The device (2) of claim 1, wherein in the second con-
figuration, a plurality of longitudinal axes of the plu-
rality of segments (4a-f) are substantially parallel.

6. The device (2) of claim 1, wherein in the second con-
figuration, the longitudinal surfaces of the adjacent
segments (4a-f) are substantially flush with each oth-
er.

7. The device (2) of claim 1, wherein the plurality of
segments are connected by a plurality of hinges,
each of the plurality of hinges having a thickness less
than a thickness of each of the plurality of segments.

8. The device (2) of claim 7, wherein the plurality of
hinges biases the plurality of segments towards the
second configuration.

9. The device (2) of claim 1, further comprising a repo-
sitioning member (8) connected between at least two
of the plurality of segments (4a-f) for biasing the plu-
rality of segments (4a-f) towards the second config-
uration.

10. The device (2) of claim 1, further comprising a repo-
sitioning member (8) for urging the segments (4a-f)
between the first configuration and the second con-
figuration.

11. The device (2) of claim 10, wherein the repositioning
member (8) engages each of the segments (4a-f),
such that the repositioning member (8) can be used
by an operator of the device to urge the segments
(4a-f) from the first configuration to the second con-
figuration, or from the second configuration to the
first configuration.

12. The device (2) of claim 11, wherein the repositioning
member (8) comprises a wire that is passed through
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at least one aperture (10) on each of the segments
(4a-f).

13. The device (2) of claim 1, further comprising ele-
ments to assist in the alignment of the segments (4a-
f) when the device (2) is in the second configuration.

14. A kit comprising
an expandable device (2) according to any one of
the claims 1-13; and
a cannula for inserting the device (2) into the interver-
tebral region.

Patentansprüche

1. Eine expandierbare Vorrichtung (2) zum Positionie-
ren in einem Zwischenwirbelbereich zwischen zwei
Wirbelkörpern (57, 58) bei einer Person, aufwei-
send:

eine Mehrzahl von Segmenten (4a-f), wobei die
Mehrzahl von Segmenten (4a-f) flexibel in Reihe
miteinander verbunden ist, wobei die expandier-
bare Vorrichtung (2) eine erste Konfiguration,
bei der die Mehrzahl von Segmenten (4a-f) im
Wesentlichen auseinandergefaltet ist, und eine
zweite Konfiguration, bei der die Mehrzahl von
Segmenten (4a-f) im Wesentlichen zusammen-
gefaltet ist, aufweist, wobei die Mehrzahl von
Segmenten in der zweiten Konfiguration in
wechselnden Richtungen gefaltet ist, wobei je-
weilige Paare der Segmente (4a-f) ein gemein-
sames Biegegelenk (6) miteinander teilen, so
dass in der zweiten Konfiguration Längsflächen
der jeweiligen Paare von Segmenten (4a-f) an-
einander angrenzend nebeneinander zu liegen
kommen und axiale Flächen der jeweiligen Paa-
re von Segmenten (4a-f) voneinander getrennt
werden, und wobei in der zweiten Konfiguration
die axialen Flächen (35, 36) der Segmente (4a-
f) eine obere und eine untere Fläche (52, 53)
zum Kontaktieren der beiden Wirbelkörper (57,
58) bilden, wobei eine Gesamthöhe der expan-
dierbaren Vorrichtung (2) in der zweiten Konfi-
guration von mindestens einem aus der Mehr-
zahl von Segmenten (4a-f) im Wesentlichen
überspannt wird.

2. Die Vorrichtung (2) gemäß Anspruch 1, wobei die
axialen Flächen (35, 36) eine raue Oberflächenbe-
schaffenheit haben.

3. Die Vorrichtung (2) gemäß Anspruch 2, wobei die
axialen Flächen (35, 36) gerastert oder gerippt sind.

4. Die Vorrichtung (2) gemäß Anspruch 1, wobei in der
ersten Konfiguration eine Mehrzahl von Längsach-

sen der Mehrzahl von Segmenten (4a-f) im Wesent-
lichen koaxial ist.

5. Die Vorrichtung (2) gemäß Anspruch 1, wobei in der
zweiten Konfiguration eine Mehrzahl von Längsach-
sen der Mehrzahl von Segmenten (4a-f) im Wesent-
lichen parallel ist.

6. Die Vorrichtung (2) gemäß Anspruch 1, wobei in der
zweiten Konfiguration die Längsflächen der benach-
barten Segmente (4a-f) im Wesentlichen miteinan-
der fluchten.

7. Die Vorrichtung (2) gemäß Anspruch 1, wobei die
Mehrzahl von Segmenten durch eine Mehrzahl von
Gelenken miteinander verbunden ist, wobei jedes
aus der Mehrzahl von Gelenken eine geringere Dik-
ke als eine Dicke von jedem aus der Mehrzahl von
Segmenten hat.

8. Die Vorrichtung (2) gemäß Anspruch 7, wobei die
Mehrzahl von Gelenken die Mehrzahl von Segmen-
ten in Richtung zu der zweiten Konfiguration vor-
spannt.

9. Die Vorrichtung (2) gemäß Anspruch 1, ferner ein
Umpositionierungselement (8) aufweisend, das zwi-
schen mindestens zwei aus der Mehrzahl von Seg-
menten (4a-f) angeschlossen ist, um die Mehrzahl
von Segmenten (4a-f) in Richtung zu der zweiten
Konfiguration vorzuspannen.

10. Die Vorrichtung (2) gemäß Anspruch 1, ferner ein
Umpositionierungselement (8) zum Zwingen der
Segmente (4a-f) zwischen die erste Konfiguration
und die zweite Konfiguration aufweisend.

11. Die Vorrichtung (2) gemäß Anspruch 10, wobei das
Umpositionierungselement (8) mit jedem der Seg-
mente (4a-f) in Eingriff ist, so dass das Umpositio-
nierungselement (8) von einer Bedienperson der
Vorrichtung verwendet werden kann, um die Seg-
mente (4a-f) aus der ersten Konfiguration in die zwei-
te Konfiguration oder aus der zweiten Konfiguration
in die erste Konfiguration zu zwingen.

12. Die Vorrichtung (2) gemäß Anspruch 11, wobei das
Umpositionierungselement (8) einen Draht aufweist,
der durch mindestens eine Öffnung (10) an jedem
der Segmente (4a-f) hindurchgeführt ist.

13. Die Vorrichtung (2) gemäß Anspruch 1, ferner Ele-
mente aufweisend, um das Ausrichten der Segmen-
te (4a-f) zu unterstützen, wenn sich die Vorrichtung
(2) in der zweiten Konfiguration befindet.

14. ein Kit, aufweisend:
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eine expandierbare Vorrichtung (2) gemäß ir-
gendeinem der Ansprüche 1 bis 13, und
eine Kanüle zum Einführen der Vorrichtung (2)
in den Zwischenwirbelbereich.

Revendications

1. Dispositif extensible (2) destiné à être positionné
dans une région intervertébrale entre deux corps
vertébraux (57, 58) chez un patient, comprenant :

une pluralité de segments (4a-f), la pluralité de
segments (4a-f) étant raccordés de manière
flexible en série, le dispositif extensible (2) ayant
une première configuration dans laquelle la plu-
ralité de segments (4a-f) sont sensiblement dé-
pliés, et une seconde configuration dans laquel-
le la pluralité de segments (4a-f) sont sensible-
ment pliés, dans lequel, dans la seconde confi-
guration, la pluralité de segments sont dépliés
dans des directions alternées avec les paires
respectives de segments (4a-f) partageant une
charnière active commune (6) de sorte que dans
la seconde configuration, des surfaces longitu-
dinales des paires de segments (4a-f) respecti-
ves deviennent juxtaposées de manière adja-
cente entre elles et les surfaces axiales des pai-
res de segments (4a-f) respectives deviennent
séparées, et dans lequel, dans la seconde con-
figuration, les surfaces axiales (35, 36) des seg-
ments (4a-f) forment des surfaces supérieure et
inférieure (52, 53) pour entrer en contact avec
les deux corps vertébraux (57, 58), la hauteur
totale du dispositif extensible (2) dans la secon-
de configuration étant sensiblement couverte
par au moins l’un de la pluralité de segments
(4a-f).

2. Dispositif(2) selon la revendication 1, dans lequel les
surfaces axiales (35, 36) ont une texture de surface
rugueuse.

3. Dispositif (2) selon la revendication 2, dans lequel
les surfaces axiales (35, 36) sont granulées ou ner-
vurées.

4. Dispositif(2) selon la revendication 1, dans lequel,
dans la première configuration, une pluralité d’axes
longitudinaux de la pluralité de segments (4a-f) sont
sensiblement coaxiaux.

5. Dispositif (2) selon la revendication 1, dans lequel,
dans la seconde configuration, une pluralité d’axes
longitudinaux de la pluralité de segments (4a-f) sont
sensiblement parallèles.

6. Dispositif (2) selon la revendication 1, dans lequel,

dans la seconde configuration, les surfaces longitu-
dinales des segments adjacents (4a-f) sont sensi-
blement au même niveau entre elles.

7. Dispositif (2) selon la revendication 1, dans lequel la
pluralité de segments sont raccordés par une plura-
lité de charnières, chacune de la pluralité de char-
nières ayant une épaisseur inférieure à une épais-
seur de chacun de la pluralité de segments.

8. Dispositif (2) selon la revendication 7, dans lequel la
pluralité de charnières sollicitent la pluralité de seg-
ments vers la seconde configuration.

9. Dispositif (2) selon la revendication 1, comprenant
en outre un élément de repositionnement (8) raccor-
dé entre au moins deux de la pluralité de segments
(4a-f) pour solliciter la pluralité de segments (4a-f)
vers la seconde configuration.

10. Dispositif (2) selon la revendication 1, comprenant
en outre un élément de repositionnement (8) pour
pousser les segments (4a-f) entre la première con-
figuration et la seconde configuration.

11. Dispositif (2) selon la revendication 10, dans lequel
l’élément de repositionnement (8) met en prise cha-
cun des segments (4a-f), de sorte que l’élément de
repositionnement (8) peut être utilisé par un opéra-
teur du dispositif afin de pousser les segments (4a-
f) de la première configuration vers la seconde con-
figuration, ou de la seconde configuration vers la pre-
mière configuration.

12. Dispositif (2) selon la revendication 11, dans lequel
l’élément de repositionnement (8) comprend un fil
qui est passé à travers au moins une ouverture (10)
sur chacun des segments (4a-f).

13. Dispositif (2) selon la revendication 1, comprenant
en outre des éléments pour aider l’alignement des
segments (4a-f) lorsque le dispositif (2) est dans la
seconde configuration.

14. Kit comprenant :

un dispositif extensible (2) selon l’une quelcon-
que des revendications 1 à 13 ; et
une canule pour insérer le dispositif (2) dans la
région intervertébrale.
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